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Introduction
The report of the 19th National Congress pointed out that "China's economy has been transitioning from a phase of rapid growth to a stage of high-quality development," so the country should shift from the extensive growth, which focuses on speed and scale, to intensive growth, which emphasizes efficiency. In the new stage, economic growth should not be judged merely by speed, and the quality should be regarded as the key. Over the past 30 years, due to the limitation of productivity, China's economic growth has been based on "high investment, high consumption and high emissions", which although promoted a high speed of economic development, has brought serious environmental pollution at the same time. Global Environmental Performance Index (EPI) ranked China the 109th in 180 participating countries and regions in 2016, which reflects that China's environmental situation is apparently not optimistic. Because of this, the century government has attached great importance to energy conservation and pollution emission, pointing out in "The Thirteenth Five-Year Plan" the target of "greatly improving the efficiency of exploiting energy resources, effectively controlling energy consumption, the total amount of carbon emissions, and greatly reducing major pollution emissions". The realization of this goal cannot be separated from enacting and implementing environmental regulation, the constant Wang et Total factor productivity, as a critical basis for measuring the quality of economic growth, has attracted wide attention from scholars. Finding a way to improve the contribution of the total factor productivity to economic growth has become a top priority for China's high-quality growth (Cai and Zhou, 2017; Sufiyan et al., 2018) . Is it possible to achieve a win-win situation between environmental pollution control and economic growth? Chen (2017) and Abija and Nwankwoala (2018) found that the current establishment and enforcement of environmental regulation in China had a certain inhibitory effect on economic growth for it continuously expands the social welfare cost. It has become an urgent and significant problem in China to formulate a rational environmental regulation to promote total factor productivity. Based on this, this paper discusses the influence of environmental regulation of the growth of total factor productivity through a theoretical perspective.
Literature review
In terms of the influence of environmental regulation on total factor productivity, there are three representative views abroad: first, environmental regulation will have a negative impact on total factor productivity. Granderson and Prior (2013) and Anan (2019) analyzed and tested the influence of environmental regulation on the efficiency of the fossil fuel generation industry in the United States and its total factor productivity, and they pointed out that the increased regulatory intensity of sulfur dioxide emissions resulted in a significant growth in the costs of generating electricity, thus limiting the increase of total factor productivity in the power sector. Research conducted by Aklin (2016) demonstrated that environmental regulation would push production costs of enterprises upward, and that relatively intensified environmental regulation might lead to wrong strategic development decisions for enterprises and deviation from their original development track. This would inhibit technological progress and promotion of productivity. The empirical test results of Zárate-Marco and Vallés-Giménez also proved the above ideas, which they referred to as "following the costs theory" Second (Zárate-Marco and Vallés-Giménez, 2015), environmental regulation will promote the improvement of total factor productivity. Scholars including Klemetsen et al. (2016; Xu, 2018) and Cherkashin et al. (2015) stated that the total factor productivity under the influence of environmental regulation was higher than traditional total factor productivity, and they explained this conclusion by the Potter Hypothesis, arguing that the purpose of moderate environmental regulation was to reduce the negative impact of the environment, which could stimulate the "innovation compensation" effect, promote technological innovation, and make up costs generated by or even beyond the environmental regulation, Guo et al. (2015) conducted sample studies in refineries of Los Angeles from 1990 to 2009, finding that despite the high costs of environmental regulation in the region, the total factor productivity witnessed significant improvement. Brolund and Lundmark (2017) and Gautam et al. (2019) , with the aim of exploring whether environmental laws and regulations affected the productivity and technological changes of European paper industry, conducted empirical studies by taking the total factor productivities of the paper industry in eight European countries from 1993 to 2009 as dependent variables, and the intensity of environmental regulation of various pollutants as independent variables. Results showed that the management of nitrogen oxides was related with the improvement of total factor productivity in the following period. Third, the influence of environmental regulation on total factor productivity is uncertain. This view holder believed that various factors such as production scale, industrial characteristics, environmental regulation policy and tools selection made the direction and degree of the influence uncertain (Naso et al., 2017; Zulkapli et al., 2018) . Qu (2015) employed the data of Quebec manufacturing sector from 1996 to 2008, and they found that the environmental regulation was negatively related to total factor productivity in the same period, but when the model took lagged variables into consideration, the Potter Hypothesis took effect and they became positively related. Ravetti et al. (2016) believed that no evidence showed that environmental regulation policy had an obvious and continuous effect on innovation, and they found through further empirical tests that environmental regulation had little effect on green technology innovation of enterprises.
Domestic researches on the relationship between environmental regulation and total factor productivity started relatively late, and focused mainly on the influence of environmental regulation on technological progress and technical efficiency. Wang and Sheng (2015) , starting from the internal relationship between environmental pollution and China's industrial growth, constructed the total factor productivity limited by environmental regulation, and decomposed it into technological progress and technical efficiency by Malmquist-Luenberger (ML) index method. They found that there was a positive relationship between environmental regulation and technological progress. Liu et al. (2016) and Baharuddin and Samsudin (2018) employed the slack based measure (SBM) directional distance function and the ML index to investigate factors affecting Global Trade Finance Program (GTFP) in China's 29 provinces (cities), and results displayed that appropriate market environment regulations could improve productivity via stimulating technological innovation. Li et al. (2017) , with the panel data of China's 30 provinces (cities) from 2005 to 2014, conducted empirical tests on the effect of environmental tax on enterprises' technological progress. Tests results showed that the influence of environmental tax intensity on technological progress was notably positive. Lv et al. (2017) calculated the green total factor productivity of 28 sub-sectors of China's manufacturing industry using data envelopment analysis (DEA)-Malmquist index method, which further verified the relationship between environmental regulation and the green total factor productivity of manufacturing industry. They found that technological progress constituted the core drive for the improvement of the manufacturing industry, and that environmental technology efficiency was generally lower.
The above literature demonstrates that scholars have made fruitful achievements in the study of the relationship between environmental regulation and total factor productivity, but there still exist several problems: first, despite the fact that the DEA method has been used to incorporate environmental factors into the productivity analysis framework to calculate the total factor productivity, potential effects caused by random error are not considered. Second, the study of environmental regulation and total factor productivity is mainly limited to the relationship between environmental regulation and technological progress or technical efficiency. The relationship between environmental regulation and specific components of all factor productivity is not included. Third, the majority of the previous researches start from the micro and macro perspective of environmental regulation and total factor productivity, with little focus on regional studies. In view of the above situation, this paper under the random frontier Wang et framework intends to incorporate environmental regulation into technical inefficiency, constructs the economic growth accounting equation with the total amount of energy consumption, capital and labor force as production factors, and calculates the value of total factor productivity and its decomposition part, the result of which will be contrasted with the one made without considering environmental regulation. This way, the internal structure and the drive behind the influence of environmental regulation on total factor productivity growth will be explored. In addition, given that the significant difference of resource distribution, industrial structure and development stage in distinct regions of China, which makes it different the influence of environmental regulation on total factor productivity, this paper divides China into eastern, central and western regions 1 so as to measure the difference of the total factor productivities growth between diverse regions, thus providing theoretical basis for the coordinated growth of total factor productivity in various regions.
Materials and methods

Stochastic frontier model
Existed literatures adopted two methods to build the production frontier, that is, the non-parametric Data Envelopment Analysis (DEA) and the parameter stochastic frontier analysis (SFA). This paper intends to use SFA to calculate the total factor productivity, which has the following advantages over DEA: first, the error structure of SFA constitutes a composite form, which takes into consideration the influence of both technical inefficiency and random factors on efficiency, while the production frontier constructed by DEA is non-random, which attributes all deviations to technical inefficiency, and this may not coincide with the reality; second, SFA can measure efficiency and analyze the factors that affect it at the same time, while DEA must adopt the two steps; third, SFA, with statistical properties, is capable of conducting statistical tests of parameters and models, which DEA fails to achieve; Four, the SFA measures the absolute efficiency, which is convenient for comparison and analysis of different units. In contrast, DEA calculates relative efficiency, which is 1 for all units, making it difficult to compare and analyze these effective units. Therefore, this paper adopts the stochastic frontier model, and the basic form of the empirical model is as follows (Eq. 1):
In the above formula, represents the province, indicates time, means output, indicates production frontier, represents input factor, and is the parameter to be estimated.
is a composite error structure, in which represents random disturbance variable, indicates the technical inefficiency of production and they are independent of each other. In actual production activities, although the related factors of environmental regulation cannot be directly included in the production equation, it may exert influence on the total factor productivity by affecting the technical inefficiency. Neglecting these factors will result in the inaccuracy of estimated results. In this sense, the following technical inefficiency regression equation is established as follows (Eq. 2):
 is a constant term， it Z indicates the factor affecting technical inefficiency, i  represents estimated coefficient of the factor，which, when positive, indicates that the factor restrain the promotion of technical efficiency, and vice versa.
Selection of production function and decomposition of total factor productivity
Early classical economists regard labor and capital as the main factors affecting economic output, and natural resources are often considered to be able to replace each other or be substituted by other productive factors. This is not consistent with the actual situation in which a large number of non-renewable resources are required in the process of production. In 2016, China surpassed the United States in the consumption of renewable energy, ranking the first in the world, and the total energy consumption in China accounted for 23% that of the world. Massive energy consumption has brought serious environmental pollution and climate change (Xiao et al., 2017; Kumar and Kumar, 2018) . Therefore, research regarding economic growth in China cannot overlook the input of energy elements in the production process. This paper intends to employ capital (K), labor force (L) and energy (E) to jointly construct the production function Y = f (K, L, E).
Compared with the Cobb Douglas production function (C-D), the translog production function is inclusive and easier to estimate, which can better avoid the deviation caused by misspecification of production functions (Wang and Qi, 2017; Onwuka et al., 2019). In addition, considering the substitution effect between input factors, whether the technological progress is neutral or the technological progress should all be reflected in the model, this paper selects the time-varying model of translog production function. 
According to Solow (1957) , the growth of total factor productivity was output growth deduct input growth. He believed that technological progress was the same factor as total factor productivity, and did no segmentation research on total factor productivity. Kumbhakar and Lovell (2000) further decomposed the growth of total factor productivity into four factors: technological progress (△TP), technological efficiency change (△TE), scale efficiency change (△SE) and allocation efficiency change (△AE), which provided a new way for the in-depth study of economic growth pattern. Based on this, this paper decomposes total factor productivity into the following four parts. 
(2) The rate of technical efficiency change. The index refers to, under the same factor input and technology level, the ratio of actual output and frontier output (maximum output) with the changes of time (Eq. 5).
The rate of scale efficiency change. Scale efficiency refers to the changes of output according to the increase of factor input with the enlargement of production scale. There are three kinds of situations, that is, the increase, decrease and unchanged scale efficiency. The formula for the rate of scale efficiency change (Eq. 6) is shown below:
(Eq.6) According to the Equation 3:
The rate of allocation efficiency change. This mainly examines the contribution of factor structure changes to total factor productivity in the production process under given frontier technological level. The equation is as follows (Eq. 7):
The empirical study of the early stochastic frontier model is carried out in two steps. First, the maximum likelihood estimation is made to the frontier production function to obtain the coefficients of the explanatory variables. Then the regression equation is Wang et reconstructed by separating out the technical inefficiencies and other exogenous explanatory variables of non-factor inputs. However, there still exist the following problems: first, it is necessary to assume that there is no correlation between the exogenous factors and the input factors, the omission of these variables will result in deviation of the technical efficiency in the first step estimation. If the first step is biased, the estimation of coefficient of the technical efficiency equation in the second step will also witness deviation. Second, the stochastic frontier model often assumes that the distribution of the invalid term is the same, but in the second step technical efficiency regression equation, the technical efficiency term is changed with the different external variables, which forms a contradiction (Chen and Zhang, 2016) . In contrast, one-step method can avoid these problems. Wang and Schmidt (2002) verified that one step method was superior to the two-steps method by Monte Carlo simulation. In this sense, this paper, for the purpose of attaining more accurate conclusions, employs the maximum likelihood method and one-step regression estimation method. In addition, this paper first assumes that the distribution of the technical invalid term is a truncated normal distribution, because compared with the exponential distribution and the halfnormal distribution, it is more flexible. and this hypothesis will be tested later.
Variables selection and data description
According to the constructed stochastic frontier model, this paper adopts K, L and E as input variables and gross domestic product (GDP) as output variables. As for K, the capital stock, according to the estimation results of Shan (2008) , through the perpetual inventory method, the data is expanded to 2015 under the assumption of 10.96% capital depreciation rate. The price level is converted to that of the year 1995 according to the corresponding Price Indices of Investment in Fixed Assets. The calculation method of the labor force (L) is the number of the employees at the end of the year in each province multiplied by the average wage of employees, which are handled according to the consumer price index in 1995 as the base period. GDP is based on the retail price index in 1995.
Variables representing environmental regulation are numerous, and in order to comprehensively investigate the impact of different types of environmental regulation on total factor productivity, this paper chooses to measure environmental regulations by environmental pollution control investment (invadd), the number of environmental regulations (fg) and the emission intensity of industrial SO2 (strs). As the most basic embodiment of the government's environmental regulation, the investment in environmental pollution control is calculated as follows: (the actual pollution control input of the year / total industrial output value) × 1000. As for the variable of environmental regulations number, referring to Cole et al. (2008) , the intensity of environmental regulation could be examined by the number of environmental regulations and administrative penalties related to environmental protection. The emission of industrial SO2 can reflect the enterprise's efforts to improve the environment under the government's environmental regulations (Barla and Perelman, 2005) . In addition, taking into consideration other factors that may affect the total factor productivity, this paper selects the economic development level (ag) and the urbanization rate (urban) as control variables, in which the former is measured by the per capita GDP, to be specific, by GDP deflator with the year 1995 as the base period, while the latter variable is evaluated by the ratio of the urban population to the total population in each province at the end of the year (Yuan et al., 2017). 
Discussion
This paper employs the stata14.0 software calculate the stochastic frontier regression of the translog production function. In model 2, results were estimated by introducing environmental regulation into the technical inefficiency equation and performing a onestep regression with the production efficiency equation. Considering that the focus of this paper is to study the influence of environmental regulation on the total factor productivity, modules in the technical invalid equation without factors related to environmental regulation are also estimated (model 1), which makes it possible to further explore the difference of the total factor productivity with and without considering the environmental regulation (Xiong et al., 2017) .
The estimation results ( Table 1) show that the two models have achieved sound regression results, indicating that the stochastic frontier set in this paper is reasonable.
In model 1 and model 2, the coefficients of capital, labor and energy factors are positive and constitute at least 10% of the significant level, which means the influence of these three factors on economic growth is positive, but the contribution of capital and labor factors is greater than that of energy factors. Compared with model 1, the regression coefficient of model 2 is more significant. In addition, the value of γ in the two models is close to 1, which indicates that the phenomenon of production inefficiency exists generally in all provinces in China, and that the method of analyzing the translogarithm stochastic frontier of technical invalid term to study the dynamic state of total factor productivity with environmental regulation is necessary and reliable. The regression coefficient of related indicators of environmental regulation is estimated by the technical inefficiency, which is the result of the industrial pollution control investment and industrial SO2 emission intensity, as an explanatory variable. From the regression results, the industrial pollution control investment is more significant in the form of technical invalidity as the 1% increase in the proportion of the investment to the industrial added-value would lead to 2.08% growth in the technical invalidity, which is not conducive to economic growth (Mut, 2018) . This coincides with the "following the costs theory" of environmental regulation. The coefficient of industrial SO2 emission intensity is positive, which can be understood as the emission of pollutants in the production process out of enterprises' own interests. This indicates that in the future actions of saving energy and reducing emission, enterprises' emission of SO2 should be controlled more strictly. The coefficient of the number of environmental legislation published by local governments is 0.0097, but the statistical test value is not significant. Moreover, the coefficients of per capita GDP and urbanization rate are notably negative, indicating that the level of regional economic development and urbanization are favorable for the improvement of technical efficiency (Hajikhani, 2017) .
The conclusion of stochastic frontier analysis tends to rely on the function form of the model, and in order to ensure that the model is correct, this paper carries out a likelihood ratio test, in the broad sense, for the translog form of the production function, and the existence of technical inefficiency and technological progress, the statistic is
as the likelihood function value of the original hypothesis and the alternative hypothesis respectively. If the null hypothesis is established, the test statistic  obeys the Mixed Chi-square Distribution, and the degree of freedom is the number of the constrained variables. Test results are shown in Table 2 . The first original hypothesis indicates that all the interaction items and square term coefficients in the production function are zero, which means that employing the C-D production function is enough, and that no translog form is needed (Table 2) ; the second original hypothesis assumes that all the time dependent variables in the model are zero, that is, there exists no frontier technological progress; the third original hypothesis is designed to test the existence of the technical inefficiency. When  is zero, it shows that the proportion of the variance of the technical inefficiency to the variance of stochastic error term is zero, and it is completely not necessary to consider this term. If  is zero, the technical inefficiency obeys a half-normal distribution rather than a truncated normal distribution. When is zero, there is no need considering the time- 
Results
According to the regression results of the stochastic frontier model (Table 3) , the growth rate of total factor productivity can be estimated. At the same time, in order to understand the influence of the environmental regulation, when added the technical inefficiency, on the total factor productivity more clearly, this paper will combine the two situations of considering and not considering the environmental regulation and give an analysis of the two cases according to the regions divided above (eastern, central and western regions of China) to explore the differences between the regional total factor productivity growth (Huang et al., 2017) .
When not considering the environmental regulation, although the starting points of economic development is distinct, the total factor productivity (TFP) of the eastern, central and western regions have achieved rapid growth, with the average growth rate of 5.15%, 3.99% and 4.19%, respectively. TFP growth is the fastest in the eastern region, and the slowest in the central region. The total factor productivity of all regions decline significantly in 2006, which is related to the deterioration of the macroeconomic situation in China, such as the stock market turbulence in China, the rising price of crude oil and the hit of domestic export enterprises. In the following years, the gap of TFP growth rate in the three major regions has been gradually narrowed, and the central and western regions had a tendency to catch up with the eastern region. After the inclusion of environmental regulation factors in the technical inefficiency, the growth rate of TFP in the three regions slow down, with the average growth rate of 3.68%, 2.52% and 2.76% respectively, and the central and western regions even take on a negative growth. In the majority of years, the growth rate of TFP is still the highest in the eastern region, and the central region, as the lowest in terms of the average growth rate of TFP, the largest decline also appears after the inclusion of environmental regulation (Perozo, 2016) . Since China's reform and opening up, the economic development in the central region is ordinary, and its second and third industries starts late. With the promotion of "the rise of central China strategy", some manufacturing industries and heavy chemical industries of high energy consumption and pollution have achieved development first. However, due to the restrictions of capital and technology as well as relatively relaxed environmental policies, the environmental regulation was "selectively ignored", which, while promoting the economic development in the region, aggravated the problem of environmental pollution (Qu and Xi, 2012) . The western region is vast and rich in resources. With the implementation of the strategy of "developing the west", its late-mover advantages gradually become noticeable, forming the trend of catching up with the developed areas. Even in the times of the macroeconomic situation deterioration in China, it still maintained the rising momentum. However, the rapid growth of the area is mainly dependent on its rich resources, and pollutant emission increased rapidly in the development process, leading to the poor TFP growth rate when considering environmental regulation. In order to explore the influence of environmental regulation on the decompositions of total factor productivity and regional differences after including environmental regulation in technical inefficiency, this paper further analyzes the TFP growth rate by decomposing it into four parts: technological progress (△TP), technical efficiency change (△TE), scale efficiency change (△SE) and allocation efficiency change (△AE). This is much closer to the essence of the growth of total factor productivity. It can be seen from Table 4 that when not considering the environmental regulation, the technological progress of the three regions shows a positive growth trend, and it has become the major source of the total factor productivity growth ( Table 4) , while the contribution of the technical efficiency change is very small or even negative, which is similar to the conclusions of produced by Wang et al. (2006) , Tian et al. (2011) . After considering the environmental regulation, the technical efficiency change in the three regions has been obviously improved, with the average value of the eastern region rising from -0.02% to 1.61%, and the central and western regions increasing to 2.14% and 2.08% respectively, which constitutes the main driving force of the TFP growth. In contrast, the technological progress in all regions slows down, in which technological progress growth rate in the eastern region becomes slower although it is still growing. The technological retreat in the central and western regions is more obvious, with the western region most severely affected. The average value of the technological progress Wang et in the western region falls from 1.5% to -0.79%, and this index shows negative growth every year from 1995 to 2008. It is not difficult to find that the eastern coastal areas is often close to the production frontier or directly on the frontiers, so a large part of the increase in productivity demonstrates the forward movement of the frontiers, that is, technological progress (Perozo, 2016) . However, in the underdeveloped areas like the central and western regions, due to the lack of inner drive of technological progress, production relies on technology introduction and simple imitation, and the increase in productivity takes more of the form of the improvement in technical efficiency. The research result also shows that the growth rate of scale efficiency demonstrates a declining trend in the western, central and eastern regions regardless of the influence of environmental regulation. However, after taking into consideration the environmental regulation, the growth rate of scale efficiency in the three regions all shows a decrease, with the average growth rate in the eastern region falling most dramatically from 1.1% to 0.45%, during which period there even exist diseconomies of scale. This is related to the overdependence on the increase of production factor input in the process of economic development, which leads to the decrease of the marginal output of the production factors and the loss of the scale efficiency. The change of the scale efficiency of the central and western regions reflects a relatively strong positive effect, indicating that the two regions are in the stage of scale economy (Jamali, 2016) . The growth rate of the scale efficiency in the west region is generally higher than that in the central region, indicating that western region has an obvious advantage in terms of scale efficiency, which is a main factor that makes up for the difference of growth of total factor productivity against other regions. In addition, the allocation efficiency of production factors was ignored in the documents in the past, but this paper finds out that the efficiency allocation is an objective existence after calculation, and there is a continuous and obvious fluctuation of the allocation efficiency in different regions over the past 20 years (Yu, 2019) . Without taking environmental regulation into consideration, the average growth rates of allocation efficiency in eastern, central and western regions are -0.40%, -0.44% and 0.77%. The allocation efficiency of the three regions declines if taking environmental regulation into account, and the average growth rate of western region, which is the most affected region, declines from 0.77% to -0.17%. This indicates that environmental regulation cannot optimize the allocation of resources.
In general, if taking the technical inefficiency resulted by environmental regulation into consideration, the growth of total factor productivity will slow down in most years, and the growth rate will decrease progressively in eastern, western and central regions, and the sources of the growth of total factor productivity will be different. Eastern region has more obvious advantage of technical progress, and the change rate of scale efficiency is the main reason that stops the growth of total factor productivity in this region. The total factor productivity declines in western region mainly because the range of technical efficiency improved is smaller than the falling range of technical progress and allocation efficiency. The total factor productivity in central region is the lowest, the technical efficiency was improved in the period of analysis, but the returns to scale, allocation efficiency and technical progress all declined to some extent, all these factors resulted in the decrease of the growth of TFP. Therefore, when calculating the total factor productivity, if the impact that environmental regulation exerts on productivity (technical efficiency) is ignored, the total factor productivity of our country is likely to be overestimated, and the related policy suggestions will be misleading to some extent. Wang Figure 1 compares the two change curves of the total factor productivity in China between 1995 and 2015 (with and without considering environmental regulation), the growth rate of total factor productivity declines in most years if taking environmental regulation into consideration. The total factor productivity that takes environmental regulation into consideration can reflect the performance of green economy growth and indicates that environmental regulation results in technical inefficiency during the development of China's economy, and therefore deters the growth rate of total factor productivity. This goes against the 'the theory of Innovation Compensation" proposed by many scholars in recent years and conforms to the "the theory of Compliance Cost" proposed by scholars at early phase. It indicates that environmental regulation forces enterprises to occupy productive investment, and enterprises will suffer private cost increase to meet environmental requirements and will reduce the production efficiency. This will exert negative effects on China's economic development and deter the growth of total factor productivity in the long run (Alkin, 2016). Figure 2 makes decomposition of the sources of growth of total factor productivity with environmental regulation considered. It can be figured out that technical efficiency contributes the most. The growth rate of cutting-edge technique progress is negative before 2004, but turns positive gradually after 2004. The change of scale efficiency exerts positive influence on the growth rate of total factor productivity, but the influence is not obvious. It is worth noting that the growth rate of allocation efficiency is negative in most times, and it is an important factor that restricts the growth of total factor productivity. 
Conclusion
In this paper, the authors constructs the translog stochastic frontier production function model, brings the index of correlation of environmental regulation into the equation of technical inefficiency to make maximum likelihood estimation, worked out the growth rate and compositions of total factor productivity in China as a whole and Eastern, Central and Western regions from 1995 to 2015, and makes a comparison analysis of the total factor productivity without considering the environmental regulation. The main conclusions are as follows:
(1) Total factor productivity slows down when taking environmental regulation into technical inefficiency. The investment of industrial pollution control and emission intensity of industrial SO2 all result in technical inefficiency, and are harmful to the improvement of total factor productivity. The influence of the number of environmental legislation published by local governments is not obvious. This indicates that there are still numerous things to be done to achieve China's win-win situation between environment and economy. Governments should carry out functional environmental regulations and manage the implementation of these regulations properly based on local resources and pollution status of local environment during the process of economic development. For enterprises that discharge pollutants out of their own benefits, government should fully arouse enterprises' enthusiasm and initiative of energy conservation and emission reduction to form an incentive and restraint mechanism of energy conservation and emission reduction.
(2) After taking environmental regulation into consideration, technical efficiency change becomes the main source of the growth of total factor productivity, technological progress slows down and the decline of growth of total factor productivity is closely related to the negative growth of allocation efficiency. The majority part of the eastern regions have been in the diseconomy of scale, so for these provinces, it is more important to improve the efficiency of resource utilization and the introduction and application of advanced technology to drive the progress of frontier technology rather than to expand the input and scale.
(3) The difference of total factor productivity growth rate in various regions of China has gradually narrowed in recent years, with the central and western regions even surpassing the eastern region, but it still shows obvious regional characteristics. After considering the environmental regulation, there exist differences in the reasons for the decrease of total factor productivity in various regions. Therefore, when formulating the environmental regulation, practical and feasible measures should be adopted through taking into account the differences in resources endowment, industrial structure and development stages of various regions.
Therefore, in the future, we should properly improve our environmental regulation system and adopt flexible forms of environmental regulation to ensure the positive impact of TFP on the environment.
